Objectives: Students who perceived their learning environment positively are more likely to develop effective learning strategies, and adopt a deep learning approach. Currently, there is no validated instrument for measuring the educational environment of educational programs on respiratory care (RC). The aim of this study was to develop an instrument to measure students' perception of the RC educational environment. Materials and Methods: Based on the literature review and an assessment of content validity by multiple focus groups of RC educationalists, potential items of the instrument relevant to RC educational environment construct were generated by the research group. The initial 71 item questionnaire was then field-tested on all students from the 3 RC programs in Saudi Arabia and was subjected to multi-trait scaling analysis. Cronbach's alpha was used to assess internal consistency reliabilities. Results: Two hundred and twelve students (100%) completed the survey. The initial instrument of 71 items was reduced to 65 across 5 scales. Convergent and discriminant validity assessment demonstrated that the majority of items correlated more highly with their intended scale than a competing one. Cronbach's alpha exceeded the standard criterion of >0.70 in all scales except one. There was no floor or ceiling effect for scale or overall score. Conclusions: This instrument is the first assessment tool developed to measure the RC educational environment. There was evidence of its good feasibility, validity, and reliability. This first validation of the instrument supports its use by RC students to evaluate educational environment.
INTRODUCTION
Health education has undergone fundamental changes in the last two decades. The emphasis is now student-centered rather than teacher oriented and content-centered. This change in focus has necessitated other changes in curriculum design and delivery to meet this shift.
Engagement of students in the learning process is, perhaps, the most important manifestation of the recent educational reform.
[1] In the era of quality assurance and requirements for accreditation, the curriculum is frequently evaluated to ensure optimum student learning experience. One-way of assessing students' learning experience is to collect information about how students perceive their educational environment. The 'educational environment' is everything that is happening in the academic institution. [2, 3] It is the character, spirit, and culture of the educational institution. [4] The 'educational environment' is also defined as the climate of the institution as experienced and perceived by students. It is believed by many educational authorities that the 'educational environment' is the most significant reflection and the central component of the curriculum. [1, 5] 
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Research studies have shown that a positive and supportive environment is essential for successful learning. Roff et al. [6] found that the educational environment makes an impact on students' learning experiences and outcomes. It has also been reported that students who perceive their learning environment positively are more likely to develop effective learning strategies and adopt a deep learning approach. [7] Many educationalists use students' perception of the learning environment as a diagnostic tool to identify weaknesses and strengths of the curriculum. [8] Interest in assessing the educational environment is not new. In 1958, Pace and Stern developed an assessment tool to study the educational environment of medical schools, namely medical environment index. [9] Since then, a plethora of assessment tools have been developed to evaluate students' perceptions of their educational climate. Among the assessment tools that gained popularity is the Dundee ready educational environment measure (DREEM). DREEM was developed to assess the learning environment of medical and health-care related education programs. DREEM has been described as a "culture free" instrument. [10] Other assessment tools for measuring the educational environment in postgraduate residency, surgery clerkship, and anesthesia have also become available. [4, 11, 12] Respiratory care (RC) is a health-care profession concerned with the assessment and treatment of patients with cardiopulmonary disorders. It usually takes 4-5 years to graduate with a Bachelor's Degree in RC Education is unique in that it comprises lectures and simulated laboratory teaching, interspersed with clinical rotations in hospitals. To assess the learning environment of such a curriculum model, we believe that existing assessment tools may be unsuitable for two reasons. First, the nature of curriculum of RC programs that amalgamate theory, hands-on skills, and clinical practice requires a specially designed instrument to take into account features and specialty-specific components of the curriculum. Secondly, some research studies have reported that the original inventory was modified to suit the specific educational situation or the cultural setting of the institution. [13, 14] Although those studies that used seven inventories had been shown to be valid and reliable, it seems that the nature of the RC profession and cultural settings may require the use of a modified or even a new assessment tool to ensure a reflection of reality.
Currently, to the best of our knowledge, there is no validated inventory dedicated to measuring the educational environment of RC Educational programs. Therefore, we conducted a research project to develop an assessment tool to measure the educational environment of RC programs.
In this publication, we present the process by which the instrument was developed and the preliminary evaluation of the psychometric properties of the new instrument.
MATERIALS AND METHODS
This project used the established principles of instrument design and evaluation proposed by Streiner and Norman: [15] (1) item generation; (2) item reduction and preliminary assessment of the psychometric properties in the form of validity and reliability; (3) assessment of the factorial structure of the instrument. This article will report on the first two phases of the project. Figure 1 presents an overview of the overall process.
Subjects and setting
The study was conducted in the 3 RC programs in the Kingdom of Saudi Arabia. The first program (program 1) was at the College of Applied Medical Sciences, University of Dammam. This college with both male and female students is the largest in the country. The Baccalaureate program in RC started in 1999 has so far graduated approximately 400 respiratory therapists. The other two programs (programs 2 and 3) are for males only. The structures in all programs are similar consisting of 4 years of didactic, laboratory and clinical teaching followed by 1 year of internship training. All students from the three programs at all levels of the study were invited to participate in the questionnaire validation.
Questionnaire development
Initial item generation
The content of the questionnaire was developed by an interactive process conducted by the 5-lead research team of this project. Literature review was carried out by the research team to retrieve relevant published instruments, identify the common domains and explore issues relevant to the assessment tool under study. After the extensive review, the research team decided to make up the questionnaire to include five domains; perception of clinical rounds, perception of teaching and teaching environment, perception of laboratory teaching, and perception of the RC profession. The item generation stage led to the development of an initial pool of 165 items, which were then reduced to 105 items all in Arabic.
Item review
To assess the instrument's content validity, the item pool was reviewed by a panel of experts. Using three focus groups, 5 RC faculty members provided their comments on the clarity and completeness of the items and relevance to RC education. In a quantitative evaluation, 3 RC faculty members from our institution and six external RC educationalists were asked to rate the relevance of each item on the scale from one (not relevant) to four (very relevant). A content validity ratio (CVR) was then derived for each item by calculating the proportion of experts who rated the item "relevant" or "very relevant" and for the whole instrument by calculating the proportion of the total number items that were rated valid. [16] The RC panel of experts was also asked if they felt there was any content area the questionnaire had failed to deal with. For this number of experts in the panel, values higher than 0.78 for CVR was considered satisfactory as suggested by Lawshe. [17] The instrument with the content valid items was then converted to a question format and calibrated on 5-point Likert scale (from strongly disagree to strongly agree) and given to 10 students (five male and five female students from the five levels of the RC program) to complete although face-to-face cognitive interviews were being conducted. The interviews used a think-aloud process to reveal students' thought processes although completing the questionnaire, and to discover the rationale for the choice of each answer. [18] Each student also commented on simplicity and clarity of the questions on first reading, and the relevance of each question to the assigned domain. The research team closely examined the questionnaire for remaining redundant items. Similar items were either combined, vague ones left out or the more specific ones retained.
The item review step resulted in 72-item preliminary questionnaire (71 items plus one global satisfaction item) based on the hypothesized structure of five domains: Perception of clinical rounds (17 questions); perception of teaching and learning (26 questions); perception of program management (14 questions); perception of laboratory teaching (9 questions), and perception of RC profession (5 questions). Item design was based on a 5-point Likert scale in which '0' corresponded to "strongly disagree," 1 -"disagree," 2 -"not sure," 3 -"agree," and 4 -"strongly agree." A global scale was added as a proxy measure to assess students' overall satisfaction with the program.
Field test and item reduction
The preliminary questionnaire (72 items) was distributed by the research team to all students in the 3 RC programs in the Kingdom. None of the students were excluded. Students from each program were asked to gather in a classroom. The survey was distributed to students, who were then given a general overview of the survey. The questionnaire included instructions on the objectives of the questionnaire, guidelines for answering questions, and an assurance of anonymity. It also included questions on demographic characteristics, name of the program and the student's level in the program. The questionnaire was re-administered to a randomly selected 50 students one week after the first round to assess the test-retest reliability of the instrument.
Statistical analysis
Quality and completeness of item responses were assessed for all received questionnaires. The response distribution was examined and items with endorsement rates (percentage of respondents who checked the same response category) of >80% were considered for exclusion. [19] The overall score of the questionnaire was obtained by adding scores from all items, and the score for each domain was obtained by adding the scores for the items in that scale.
The proportion of items and domains that were missing were calculated with acceptable values below 20%. A high number of missing items or a high percentage of missing data throughout the questionnaire could indicate that the items were either confusing or that the questionnaire layout was problematic. [20] The rates of floor and ceiling effects were calculated as the proportion of students who obtained the lowest and the highest possible scores respectively for any of the items or domains with expected values below 30%. Pearson's correlation was used in this study.
The construct related validity was assessed by evaluating the item convergent and item discriminant validity. Item convergent validity refers to the extent to which items within a particular domain correlate with each other. Convergence was assessed by evaluating correlations between items within each domain, and also between each item and the overall sum-score for their domain when the item of interest is eliminated from the calculation of the sum-score (item total corrected for overlap). The correlation of each item with its own scale sum-score was considered satisfactory if it was >0.30. [21] Item discriminant validity on the other hand studies the assumption that in an instrument with more than one domain, the correlation between an item and its own domain is expected to be significantly higher than the correlations of the item with other domains. Scaling success rate was calculated, as suggested by McHorney et al., [22] as the percentage of items within each domain that met item convergent and item discriminate validity criteria.
Internal consistency reliability was tested by Cronbach's alpha coefficient for each domain and for the entire questionnaire with an acceptable value of ≥0.70; however, a scale of ≥0.60 was regarded as acceptable in a newly developed scales. [23] Cronbach's alpha was also examined when individual items were deleted. Items that reduced the Cronbach's alpha value of their domain were considered for exclusion.
To examine further whether the five domains measured different aspects of student satisfaction with the program, the Cronbach's alpha of each domain was compared with the domain correlation coefficient of other domains. A Cronbach's alpha of the domain that was higher than the domain's correlation with other domains, would indicate that the domain scores represented different aspects of students' satisfaction. [21] The inter-domain correlations were also expected to be lower than 0.70. [24] All statistical analyses were conducted with Stata 12 (Stata Corp. College Station, TX, USA).
RESULTS
Sample characteristics
A total of 212 students (100% response) completed the 72 item questionnaire. Item response rate ranged from 97.6% to 100%. The majority of the students, 65.1% (n = 138) were from program 1. The remaining students came from the two other programs, 21.2% (n = 45) and 13.7% (n = 29). The students included were equally distributed among the 3 years of the program (35.8%, 30.7%, and 33.4%). Male students made up 68% of the study population. All students were surveyed at the same time in the academic year 2010-2011 [ Table 1 ].
Item and scale statistical characteristics
The percentage of missing items by dimension was low (range 0.5-2.4%) and scale and total scale scores could be computed for 100% of the sample. Item means were roughly similar and item standard deviations were almost equivalent and around one. Item frequency distribution was variable with an acceptable skew. Ceiling effect ranged from 38.2-76.4% in 21 items. Only one item had a floor effect at 46.2% [ Table 2 ]. In contrast, none of the five domains had a floor or ceiling effect [ Table 3 ].
Multi-trait/Multi-item correlation analysis
The correlation coefficients for item convergent validity ranged from 0.01-0.58. Of the 71 items, 8 had a corrected item-total correlation of <0.30. Of the remaining 63 items, 60 had a correlation of ≥0.4 [ Table 4 ]. Only one domain "perception of laboratory training" was found to have convergent validity success rate that was <80%. Furthermore, shows in Table 4 , a total of 28 items out of 428 item correlations failed to show a successful discriminant validity resulting in an overall success rate of 92%.
Scale internal consistency reliability
As shown in Table 5 , reliability of the scale internal consistency was adequate as determined by Cronbach's alpha. Four out of five domains exceeded the desired Cronbach's alpha of 0.70. Only "perception of laboratory teaching" domain was at the margin of the acceptable level of internal consistency reliability (0.58). Table 5 also presents inter-scale correlations (range 0.28-0.64), which was lower than Cronbach's alpha for each scale.
DISCUSSION
To the best of our knowledge, this is the first instrument for assessing educational environment of RC programs. In this paper, we focused on the first two phases of psychometric evaluation and scaling performance of the instrument under development. Further, psychometric evaluations are ongoing. Future reports will focus on more refinement of the questionnaire factor structure and reliability of test-retest.
The results of our preliminary analysis on the psychometric properties of the new instrument showed an overall satisfactory evidence of acceptability, reliability, and validity of the included questions. Good acceptability was indicated by negligible missing data. The high rate of completeness of the questionnaires reflects the practicality and feasibility of administering this survey to a group of students. Face validity was confirmed by asking students during the cognitive interviews whether the items looked reasonable at face value. Construct related validity was confirmed by the mostly successful item and scale validity. Of the 71 items, item scale criteria were unsatisfactory in only 12 items. It is possible to explain the failure of the discriminant validity of some of these items; for example the item that asked about "the organization between information provided in the laboratory teaching and class teaching" made it difficult to separate the two domains "perception of laboratory teaching" and "perception of teaching and learning". Answer to questions in one domain may be a coalescence of the effects of both domains. The same was true for items on "utilization of clinical training in the information received in the laboratory teaching." It was probably difficult to differentiate between the two domains "perception of lab teaching" and "perception of clinical training."
In the process of item reduction, 6 items out of the 12 with unsatisfactory properties were excluded from the instrument. The other six were left after the research team decided on their high content validity and slight problems with their construct validity. For example, items such as" faculty were partial to some students, which gave me a feeling of unfairness" were considered to be important to keep in the questionnaire (corrected item-total correlation of 0.23 and floor effect of 17%).
Scale reliability that was assessed by internal consistency reliability using Cronbach's alpha was above the recommended value in four out of the five domains. The slightly lower internal consistency reliability of the "perception of lab training" dimension (Cronbach's alpha 0.58) may suggest the need to add more items to this scale in future developments of this instrument. The high internal consistency reliability by the Cronbach's alpha and moderate inter-scale correlations further supported the validity of the internal construct indicating that each of the five domains measured concepts that were related, but distinct.
Some items obtained the highest score (ceiling effect) in a high proportion of the students, which may suggest that it is impossible to test sensitivity or verify improved perception of these items by students, over time or as a result of intervention programs. However, it is important to note that none of the dimension scales showed ceiling or floor effect suggesting that the instrument will continue to be effective in detecting the difference between groups and have good sensitivity to detect changes in student satisfaction using the dimensional and total scores.
This study has some limitations
First, the sample size was relatively small; it was possible that with a larger sample size, there would be stronger evidence of reliability and validity and the performance of the instrument in various subgroups could be investigated. Secondly, the cross-sectional design of the study did not allow the assessment of the responsiveness of the instrument to change or intervention. Thirdly, without a similar published instrument to assess student perception of RC programs, no comparison of our validation results can be made.
Despite these limitations, this instrument is the first for measuring student satisfaction with RC program educational environment. Item generation and reduction of this study resulted in an instrument with 65 items and five domains.
Overall scaling, validity, and reliability characteristics were very encouraging at this preliminary assessment of the questionnaire. Only a few items had difficulties and these were excluded except when the research team felt it was still desirable to retain them for content validity. The authors of this study are currently in the process of conducting more conclusive psychometric evaluation of this instrument including factor analysis, structural equation modeling, and test-retest reliability analysis. [25, 26] 
CONCLUSION
The instrument under study is being rigorously developed as the first validated instrument for measuring students' perception and satisfaction in RC educational programs. This assessment tool is a potentially valid and reliable instrument for use in future studies to assess RC students' perception and satisfaction with the educational environment. Future longitudinal studies are needed to assess the responsiveness and predictive validity of this instrument.
